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Introduction 25
Caffeine (1,3,7-trimethylxanthine) is a well-established ergogenic aid commonly consumed by 26 endurance athletes. 1 Intakes of low to moderate doses (3-6 mg·kg −1 ) consistently enhance performance 27 in temperate environmental conditions (~20 o C), especially when exercise is performed for 30 min or 28 longer. 2 Few studies have investigated the ergogenic effects of caffeine in the heat, with some, 3,4 but 29 not all, 5, 6, 7 reporting improved performance following caffeine ingestion. Hence, from the limited 30 data available, it is unclear whether caffeine benefits endurance performance in the heat, despite a 31 high prevalence of intake among athletes competing in warm environments 1 .
32
The progressive impairment in endurance capacity with increasing ambient temperature is well-33 documented. 8 Several explanations for this deterioration in performance have been proposed,
34
including an increased physiological burden to dissipate heat via the skin and an elevated core 35 temperature 9 . The resulting hyperthermia and increased brain temperature reduce central drive to 36 continue exercise, thus precipitating the onset of fatigue. 10 During prolonged exercise in the heat, 37 caffeine has elicited higher core temperatures than placebo. 5,6,11 Therefore, these perturbations to 38 thermoregulation might explain the lack of performance benefit in the heat after caffeine intake. 5
39
Interestingly, larger caffeine doses (≥ 9 mg·kg −1 ) consistently induce elevations in core and body 40 temperature during exercise in the heat. 6,11 Hence, the provision of smaller doses (~6 mg·kg −1 ), which 41 typically improve performance in temperate conditions, 2 might prove a more useful strategy to studies have examined the influence of 6 mg·kg −1 caffeine on endurance cycle performance in the heat 
77
The familiarisation and experimental trials were separated by 7 to 10 days to minimise the 78 development of heat acclimation. Additionally, all trials were performed at the same time of day to 79 minimise circadian-type variance. Participants were instructed to record their dietary habits and 80 physical activity patterns during the 24 hours before the familiarisation trial and to replicate this in the 81 24 hours preceding each experimental trial. Furthermore, no strenuous exercise or caffeine intake was 82 permitted during this period and participants were provided with a list of commonly consumed 83 caffeinated foods and drinks to help achieve this. On the evening before each trial, participants 84 ingested a radio-telemetry pill (CoreTemp, HQ Inc, Palmetto, Florida, USA) to enable the 85 measurement of core temperature.
86
Participants arrived at the laboratory in the morning (8-9 am) after an overnight fast (10-12 hours) 
109
Subsequently, there was a 2-3 min delay while the ergometer was programmed for the performance 110 task. Participants were instructed to produce as much work (kJ) as possible within 30 min; this no interaction effect (p=0.904; Figure 2C ). Figure 2D) , which is likely mediated by a reduced activity of cortical premotor and 217 motor areas. 28
218
Previous reports demonstrated that 6 mg·kg −1 caffeine enhanced sweat-electrolyte losses in 36 o C, 12 219 while 3 mg·kg −1 augmented sweat rates during submaximal cycle exercise in 24 o C. 29 In the present 220 study, higher sweat rates were observed during the caffeine trial than placebo over the entire 90 min 221 of exercise (2.31 ± 0.43 L vs. 2.20 ± 0.37 L; p=0.036). This small difference likely reflects the higher 222 work rate during the performance task in the caffeine trial and the concomitant elevation in core 223 temperature (Figure 2A ). During prolonged exercise at a fixed work-rate, caffeine did not adversely In conclusion, supplementation with 6 mg·kg −1 caffeine 60 min before prolonged exercise in 30 o C and 231 50% RH improved endurance cycle performance in non-heat acclimated participants, without any 232 measureable change to thermoregulation versus placebo. There appeared to be a developing trend for 233 core temperature during the initial 60 min of exercise (interaction effect, P=0.112), suggesting that a 234 longer period of fixed-intensity might enable caffeine to elicit a greater increase in core temperature 235 than placebo under these environmental conditions. However, the difference at the end of the preload 236 was small (0.03 o C, Figure 2A ), which was also undetected by participants ( Figure 4B ). These data, 237 together with previous reports, 3 suggest that moderate caffeine doses which typically improve 238 endurance performance in temperate environmental conditions, 2 also benefit endurance cycle 239 performance in the heat. 
245
• Supplementation with 6 mg·kg −1 caffeine does not significantly influence core or skin 246 temperature up to 60 min of cycle exercise at a fixed work-rate.
247
• During prolonged fixed-intensity exercise in the heat, moderate caffeine intakes attenuate 248 perceived exertion compared with placebo. 
